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Abstract:

A further study of the dielectric end cheated properties of titanium-tetracthylate has been ede. This
compound forms aggregates in solution up to approximately a trimer, a type of association which is
apparently not based upon hydrogen bonding but rather upon the coordination valence of titanium.
X-ray diffractions of titaniumtetraethylete crystals could be used to determine whether this is actually
true. The dipole moments of Ti(OC2H5)4, Ti(OC3H7)4, Ti(OC4H9)4, TiCI(OC2HS5)3, SiCI(OC2H5)3
end HC(OC2H5)3. were determined in hexane solution at 25°C and. found to be 1.58, 1.32, 1.04, 2.50,
1.75 and 0.7 Debye units respectively. The method used for the determination of the electric moments
consisted of measuring the dielectric constants and specific volumes of dilute solutions of the
compounds in hexane and extrapolating the resulting straight lines to infinite dilution. The slopes and
Intercepts were then used to calculate the molar polarisation from en equation derived by Halverstadt
and Kumler (8). The electronic and atomic polarisations were obtained either from refractive index and
density measurements of the pure compound or by measuring the refractive Indices of dilute solutions
of the compound in hexane solution and using the slope end intercept of the plot of the square of the
refractive index against mole fraction in the Halverstadt and Kumler equation. The molar polarisations
of titanium tetraethylete at low tea-peretures were a#*cored cad the polarization plotted sgeinet 1/T.
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le  ABSTRACT

A further study of the dielectric end Cheatcel properties of tltealua-
tetreethylste hee been aede. “~ile compound forme aggregate# la solution up
to ppproxlac=tely p trlner, » type of sesocletion which Is eppsrently act
based upon hydro”ea bonding but rather upon the coordination valence of
titanium. X-ray diffractions of tltanluatetreethylete crystals could be
need to determine whether title is actually true. She dipole moments of
TKoc2B,)!., TI(OC-H7)a, TI(OCaHd)b, TiCI(OC2H5)3, SICI(OC2H5)3 and
HC(OCJi5)- were determined in hexane solution at 25*0 and fouM to be 1.58,
1.32, 1.0», 2.50, 1.75 and 0.7 Debye unite respectively. The method used
for the determination of the electric moment* consisted of measuring the
dielectric constants and specific volumes of dilute solutions of the com-
pounds In hexane and extrapolating the resulting straight lines to infin-
ite dilution. The slopes and Intercepts were then used to calculate the
molar polarisation from ©n equation derived by Halveretadt and ;:umler (8).
The electronic and atomic polarisations were obtained either from refrac-
tive Index end density measurements of the pure compound or by measuring
the refractive Indices of dilute solutions of the compound in hexane
solution and using the slope and intercept of the plot of the square of
the refractive Index against mole fraction In the Helverstadt and Susler
equation. The molar polarisations of titanium tetraethylete at low tom-
perpturee were meeeured ead the pol~rizFtlon plotted agelaet I/T*



Il. IKTRODUCTIOM

The Inorfeaio tltpnptee here been known end. used »e dielectrics for
aeny years. %e or»pntc derivatives of TiCl% have been prepared (1), bat
practically no work has been done to determine physical properties or
structures. Since the inorganic titanstee have very unusual dielectric
properties It Is reasonable to inquire Into the properties of organic
derivatives of TIC1%. furthermore, determination of structures and
physical properties of these compounds has so far been neglected. Thus
it is the purpose of this work to study their dielectric and other proper®
ties.

trove Cl)) determined the dipole momenta of titaniuatetraethylate,
monochlorotrlethoaytitanium end trichloroaanophenozytltaniua, using benzene
as p solvent. Theoretical calculation indicates the possibility of some
solvent effect. The author has redetermined the dipole moments of titentoa-
tetrsethylate end monochlorotriethoaytitaniua in hexane to study the effect
of using a different solvent. Crowe also noticed that titeniuatetreethylste
associates in benzene solution; thus molecular weights have been determined
to consider the extent of the association.

Alti nigh the work is primarily concerned with titanium compounds, the
dipole moments of the two similar compound.e of carbon and silicon were
measured to establish some correlation between dipole moment end aoleculsr
structure among enalpgoue organic compounds of carbon, silicon and titan-
ium. The moments of ethylorthoformste and monochlorofcriethoxysilicon have
not been measured before, although some dielectric studies have been made

n certain esters of carbon (6) and silicon (23) tetrachlorides.



1. LI?YARATUR3 STLDY

N greet saeny publications here sppeered la the laet twenty years in
the field of dielectric constants, dipole eoaente end related pheaoaea*.
One cannot adequately cover In e lltereture study ell the articles. Ex-
cellent revie s ere found In Debye’s wPolsr -Solecules (5) sod Saythle
"Dielectric Constant and M olecu IStructure™ (22). Onesger (16) has
modified the Debye theory of dielectric* by deriving en alternative ex-
pression for the internal field induced by e dipole placed in m electric
field. Onerger considers a spherical, polar liquid aslecule as the
dipole. The environment of the dipole is treated se being s homogeneous
continuum. This is, of course, a simplification of the actual situation.
Sirkwood (111) has pointed out that fluctuations in the induced moment of * mole-
cule let'd to correction terms in the lorents equation ($), which is used
for the derivation of the Debye equation.

fin extensive search through the literature revealed that very
little Is known concerning the dielectric properties of titanium organic
compounds, particularly the esters of TICIlji. Bischoff and tdicmg (2)
and Jennings, Wardlrw and Wpy (13) have prepared various esters of TiClfc
and chloro derivatives of the esters. The physical properties of these
titanium organic compounds were not studied, however. Schtnsann (21)
reected TICIfc with phenol and obtained Ti(OCMHMfc*HCI but no extensive
study of the physical properties of the compound was made. Kauser and
Levite QO prepared compounds from the reaction of TiClfc with aainophenole

and Soeenhelm and Sorge (20) analysed the product from the reaction of
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TICXilwith oxy-c*rboxyllc $>cld tltenptes pad polyphenollic tltmnetea.
Theee »uthere eleo felled to report oa the phyelcel properties of the com-
pounds prepared.

The theoretical cslculstlone of molecul*r rad head moments hpve been
considered by mrny lavestlifatore for simple «md eomple* molecules. The
simpleFt and most cornea method le vector addition of the ;rotip or bond
momente constltntinf the molecule. The water molecule* for example* hes
c lerfe permanent dipole moment rad, therefore, it cannot be a symmetrical
linear molecule, jrroa an examination of the spectrum of water vepor (9)
the ettfle between the O-H linkages has been found to be 106° pad, there-
fore, knowledge of the total dipole moment enables one to calculate,
with a fair degree of securecy, the OH bond moment, for diatomic
molecules, such as HC1l, the observed dipole moment is Identical with the
H-CI bond moment. The problem. In the letter case, however. Is complicated,
by the deformation of the electron system of the halogen atom by the
hydrogen atom. Thus the dipole value for HCI of 6.1 Debye units calculated
from Infrared measurements of the distance between the electrical centers
differs markedly from the observed value of 1.03 Debye unite.

The theoretical calculation of dipole moments is further complicated
by the restricted rotation of polar groups. The ethylene dichlorlde mole-
cule (22) illustrates the effect of restricted rotation, the restriction
being due to the nrntuel interaction of the two CKgGl groups rotating about
the C-C axle. Using the C-CI valency angle as ?0° and the C-CI bond
moment as 1,5, leads to a dipole moment of 2.1 as r limit. Observed values

In various solvents, la different states end at different temperatures show
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none hi 'her than 1.8 D. Meyer ( 7) he# mode f further study of the effect
of restricted rotation on the dipole moment by teking Into consideration
the mutual potential energy of the two rotating dipoles. He conclude#
that If thi# energy le appreciably lees than the energy of thermal agita-
tion, kf, then rotation can occur freely. However, the mutual potential
energy of the two rotating dipoles in ethylene dichloride 1# about two to
three times kT and, therefore, rotation will be hindered. Hydroquinone
diethyl ether (9) shows a mutual potential energy of rotating group# very
much emaller than kT, since the OCpH™ SroyPe are eepsreted by at least
6 x ID"2® cm and the group moment# are only 1,1 x 10"2". free rotation
in possible and the resultant moment, 1.73 comperes favorably with the
calculated value of |I.h6.

yring, (8) assuming free rotation, ha# developed an expression for
the reeultmt moment of complex rotating molecules by means of matrix
algebra. His formula is actually an extension of the law of cosines which
is employed in the vector addition of moments in simple molecules. The
Eyring formula states In words, "for free rotation about connecting lines
the mean square sum of n vectors is equal to the sum of the squares of the
lengths of the separate vectors plus twice all the possible products of the
lengths of the two vectors multiplied by the cosine of the angle, 0, made

by the directed lines connecting the pair™. The aethematicel expression is

This equation offers a means of calculating the theoretical dipole moments
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of rmaerous coapounds if one hs« mknowledge of the individual bond momenta.
Pmuling (1?) hee shown thet n relation exiete between the electronegativity
scele. bmeed upon single bond energies, sad the bond moments. According to
this, the difference in electronegativity should equal the bond moment in Debye
unite. The bond moment for As-Hw obtained la this meaner, is identical with
the observed bond moment. Likewise the values for P-Clw Ae-Pw Sb-1wH-CI
end others, agree very closely with the -ctual values. On the other hand,
while C-O Is 0.7, the bond moment from electronegativity is 1.0. C-ClI
yields r bond moment of only 0.5 when computed according to the Peuling
table when it Is actually 1.5. Shiaerous aefc*l~he.logen moments exhibit the
erme marked difference, including thet of TI-CIl. TI-O appear* in the eecne
category as C-O; a corrected value for this bond moment was used for the
theoretical calculation of the Ti-Cl bond moment.

Tbicken and Meyer (7) have analysed the dipole constituents of a mole-
cule "nd have taken into consideration the directions of operation of the
constituents. Vectorial addition of the various linkages gave the stan-
dard bond moments for C-Cw H-Cw C-Ow C-Clw (the more positive element being
placed first) which are need In dipole calculations. M attempt was made
on their pert to consider the probable eltaring effects on the bond nom
ents by the environment in which the bond finds itself in the molecule.

Such an inductive effect is evidenced in the substitution of « methyl
radical for a hydrogen atom in the following compounds5 CHCI'w GHClg.
CHXCl. The resulting compounds, CH”CI-,, CH"CHCI2 end CHCHCl show

variation of dipole moment of 0,8, 9,5 end 0.2, from the values of CHCIi,
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CHMCI™ pnd CEMCI, which one would not predict on the beele of the sub-
stitution of a hydrogen »too by a methyl redlcal*
ptteapt to use the same moment for e particular bond In different
compounds by calculating quantitatively the charges Induced by the other
bonds In the molecule wee made by Eemtck (19), This author applies the
generally accepted English electronic theory to the calculation of dipole
moments and thereby obtains e more nearly valid result for theoretically
calculated electric moments. So far, this procedure has not been used for
many compounds but It has possibilities.
In sener*! we can say that bond moaents are at beet only approximations
of the actual physical situation; the computations which appear here are

Justified under that restriction.



1. Titeal™tetrpethylftf. Ti"QC"S™);, r Thle eo#roaad w*e pfeyfred

mccordIn; to the method of $lechoff end Mkine (2) by the repotlent
TICIN + GKeOCgHg --------- » TI(OCgRg)A + M*C1

Th* detelle of the mrepprftlon *re described by Crowe Upon etendlng
titftaituatetreethylete Ohsnfee to <« pale yellow Iteuld which soon deepens
In color eventually becoming m orm-r*, red or brown liquid, Purlficetloa
wps neeompllehed by vpcuim distillation, * little activated charcoal being
added to remove the color. This procedure wee found to be effective In
obtaining * colorlees, pure comwmnd* " enelyele for tltrnlue by *****
of hydrolyple to titanIm dioxide end ignition gave e tltentua content of
21.10, 21.06 end 21.00"". The theoretical value le 21,05-S.

2. Tltrnluat*trapropyl,ta. Thle compound was prepared
In r manner Rftrlrgous to the uethod employed In the pret:rretton of ftentunK
tetreetbyl*te. f colorless, vilscou* Illruld we# obtained which did not
hydrolyse r* repldly in plr os did the tttenimatetrpethylstoj after * few
week* the compound turned p pale yellow color but did not become deeper in
color. It le apparently s much more stable compound. The reaction 1# »#
follow*>*

TICIf, f ' e ~ TI(OCYEy)A + GleCl

Ananelysig for the titanium content gave value* of 16,85 “nd 16.53S. The
theoretical value ip 16.84.

2« Tltpnlustetrebutylrte. 11(0C*Ey)h: It was possible to prepare

this compound In a meaner *aelpgoae to that used In preparing titanium-
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tetrrrthyl»te: In tkl* CFse butyl fleohol w»e ueed. JFound TI: [h*06, 17?.96%.
Theoretlesl Tl content: 1lt.OBS.

h. i~onochlorotrlethonrtitenluBi. !pICI(OCgH<)": This compound was
prepFred f-ceording to the method of Jenninps, Werdlew end Way (13) by the
reaction:

TI(OC2H5)2 f OBCOCI----> TICI(OC2H5)3 4 CBOOO2HS
It maintained » pole yellow color even after repeated distillation and was
kept In a sealed flask to prevent hydrolysis. A titanium analysis gave e
titanium percentage of 21.77. The theoretical value la 21.97-« CI found:
16.37, theoretical 16.223.

£« llchlorodlethozytItanturn. TICI2(PC2H5)2: 199 grams of TICI2Z and
100 grams of absolute ethyl alcohol were refluxed recording to the reac-
tion (2):

TtClii 4 ZC2H5CH ------ N TICI2(OC2HB)2 4 2nd
/t the end of twenty-four hours a white viscous liquid was obtained which
was distilled under reduced pressure. A white sublimate distilled over and
began to settle In the side arm of the distilling flask. The residue then
gave off HCIt apparently decomposing In the process and no further distillate
was obtained. An analysts of the yellowish-white liquid# which soon set to
a solid, gave a titanium composition of 29.39% where®e 22.91 Is required.
Apparently a very low pressure In the distillation process Is necessary
for purification. The electric moment of this material was not determined
since It wee considered Impure.

Honochlorotrlethoxyallicon. SICI(OC2H5)3: 30 Ce. of acetyl
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chlortde v«e bed dropytee to HO oo of ethyl orthoslltcete over * period
of two heurt, ececrdlRg to the method of ‘oet ?od Horton (15).

-I(QC2E5)” i CE CCGl - A SICI(OC2K5)3 + CK3COOC2H5
The atxture wee distilled pad ct 157°G et otmoephertc pressure s colorless
liguid Ct-Jie over sad the temperature remained virtually constant during
the dlstiH i tloii process. onoehloretrlethoxy>IHeon distills rt 15?-S°G
at rtsospiterlc pressure. The yield was very ;ood; the cosrpound hr* m
pungent odor stallsr to ethyl ortiosllicste end 1% soluble In hexane. Tb*
refractive Index Is 1.3057? the density 0.9271 at 25°C, The litersture
give* 1.O&B) re the density of aoaochlorotrlethoxyelH con rt COC. M
refractive index constant wss fcoad in available literature. Therefore
the purity of this compound hr-s not been eeteblished,

2» “~thvl Orthoformate. FC'nc”™R.)”»: This compound was obtained from
Bestmpn Codeic Goiapeny end eaployed without further purification. The re-
fractive index of the compound '%# found to be 1.3923» The literature

gives 1.3922 as the refractive index of ethyl ortiioforaete.



7. TBIC HOMES?

%. Method Used for Determlinetloa mnd Celculetlon s£ Sleetrle ~sasal:
The epperetue need for the electric moment determinetlone wee the eeae es
previously described (U)e The cell constant wee calculated uein? diettiled
bengene, the dielectric constant of which wse taken ee 2.273 et 25° >»-
hydrous beaten® wee prepared from Beker C. P. Thlophene-free bentene by
drying over sodium for several hours end distilling directly froa the
flesk, keeping only the middle third of the distillate. The anhydrous
benzene wee used almost iramedletefcr after preparation. Petroleum hexene
wee need *s the solvent for the electric moment determinations end dried
in the ssie manner. From e eomperisnn of the cell cepecltrnce with, eir ee
the dielectric and then with benzene, the cell constant could be calcula-

ted by the form.ila

The cell constant wee checked using carbon tetrechlorlde, the dielectric
constant of which Is ;lven as 2.2273 at 25°C in the Critical Tables. The

results are shown in Tables | and 11.

Table i. Calculation a£ Cell Constant
i C Ave. %
g Tl’li| X CS :
t > i
: | 70.16 .75 27.82 :
i
i 2 70.00 3M 7 27.69 27.75 S
S
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Tpble 1l1. Determlaptlon of Dielectric Constpnt of CCI®
Trial C C
No. VA 8 X X
I 68.84 34.83 27.75 2.2256
2 68.84 34.75 27.75 2.2281 :
3 68.74 34.72 27.75 2.2260

The totel solpr polpri®ation wee determined from dielectric constpnt
end density mepeurementR on dilute solutions of the compounds In hexane
st 2%°C. The dielectric constant pad specific volume were found to be e
linear function of the mole fraction of solute; thus the slopes and in-
tercepts of the straight lines were obtained by using the method of least
squares applied to the experimental points. These values were inserted
into the equation of Hslverstsdt and Eumler (M) which gives the total

molar polarization of the compound:

X (e,
in which 6:* and v” are the intercepts of the dielectric constant and
specific volume straight lines, respectively, and A pad B are the respec-
tive slopes. is the molecular weight of the solvent and My is the
molecular weight of the solute. The identical procedure was used on all
the compounds measured.

In order to calculate the electric moment it is necessary to calcu-
late the electronic ~nd atomic polarizations and subtract their sum from
the total polarization to obtain Pfi. Thus the dipole moment can be calcu-

lated from the Debye equation in the form: ji = 0.0127"jKp—R4 where p. is

the dipole moment in Debye units, P is the total polarization and Pe+/7 s
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the eura of the electronic »nd rtoaic polsriaetlone. The electronic poleri-
setlon wee meesured In two different (1) the density snd refractive
index of the pure coapmmd were meesured usinp rn Oswald type pycnometer »ad
mdipping refrsctometer; the velues obtained were used for the calculation

of the electronic poVriretion from the following foraule of Lorents (5h
be = X : idL.
n - 2

in which n is the refractive index, H the acleculer weight, rad d the den-
sity of the pure compound. %e atomic polarisation wee assumed to be jjJ of
the electronic polarisation and then added to the latter. (2) Several
dilute solutions of the compound In hexane were made xtp and the refractive
indices taken. Aplot of the square of the refractive index ageInst mole
fraction of solute was a strai#t line. The values for the slope and inter-
cert and this straight line were used in piece of the ones for dielectric
constant »nd inserted into the Halverstadt and Kualer formula. The con-
stant* V1 rnd B previously determined for the compounds were used again
for this calculation. Pe for Utsniuatetreethylate, monochlorotriethoxy-
stlicoa =nd ethyl orthoforaste were determined by method CI). The electronic
polarisations of titanlumtetrapropylate, tltanluatetrsbutylete and monoohloro-
triethoxytitanium were determined by method (2).

The following tables and graphs show the experimental results used

to calculate the values given in Table 17.

£. TltanlUDtetreethylf te. SjILSSLpiiNhS
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Tcble 3 (See Hg. 1)

Dielectric Conetrnte of Solutions of

Solution Ho.

:4ole
Freptlpn

0.004265
0.005091
0.008050
0.010560

Table & (see Fig. 2)

specific galaaaa al a ? s £

Mole
1 0.004769
2 0.007158
3 0.016280
4 0.007518
5 0.002709
6 0.017508

In Hexrne

Dielectric
Constent

1.928

1.929
1.941

1.946

TI(QCaHMI, la lisaaag

fItmluuitetrpDropylgte. TI(QC3H7)f.!

Dielectric

1.4579

1.4492

1.4360

1.4491

1.4575
1.4334

NNNNODNDDN -

SNN=—=PRODNNNNODNT — A6 %
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Dielectric Constants of Solutions of TI(OC,Hy)™ in Hexane

Solution No.

I
2

-1 Q
Table £ (See

Fig. 3)

Ifole Fraction

0.00661D
0.01050
0.01250
0.0056U
0.01020

0.00251

Table 6 (See

Fig. It

Dielectric Constant

1.9k3
1.952

1.957
1.9k0
1.95k

1.933

Specific Volumes of Solutions of Ti(OC-JH7)t. in Hexane

Solution No.

¥olg Fraction

0.002621

0.007565
0.0llttio

0.009111*

Table 7 (See

Fig. 5)

Specific Volume

1.1*616

1.1*537
.k371
I.k502

Refractive Indices of Solutions of Ti(OCAHM” in Hexane

Solution No.

Mole
Fraction

0.003730
0.001t652
0.0150k

0.011*39

Refractive
Index

1.3Q517
1.36599
1.3095k

1.3607k

Square
of R.I.

1.92036
1.92066
1.93002

1.92660

= —

N e e e

* =

[ Nl e
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Teble S. CRee Fig* 6)

MeleotrlIC Coaatenta a£ Solutions &£ IlISSIfSgul® la HamaG

Solution So. Mole fraction Dielectric Conatent
I 0.004923 1.937
2 0.102479 1.929
3 0.002285 1.928
U 0.0003458 1.924

Table 2 (See fig. 7)

Sreclflc Voiuaea of Solution? of TI(00/~9/t 12. HfiSSSS.

Solution Ho. Mnle -hrection Speciflc Volii
I 0.004923 1.4490
2 0.002489 1.4556
3 0.002289 1.4557
4 0.001497 1.4578

Table 10 (See ilg. 8)

Refractive Indices s£ SolutloUfl & SMSSI™hi. la SfiZLaft

Hole Befrpcttve Square
Solution So. fraction .. ___ Indeat---------- of B. I*
I 0.002360 1.38090 1.90688
2 0.905314 1.38195 1.90840
3 0.007660 1.38271 1.91189
4 0.009174 1.38309 1.91294

Y~ Ol'— =— —~+ O1=—

(6)]

&+
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SPble 11 (See Fl&. 9)

fiUJLsg.trU Gsastsata siL .SalaUaaa at .TIHUPS.A 1a He&g'e

>(.

= (NUI == D (nt = e

N Mole SVeetinM

I 0.00781 1.978
2 0.00285 1.947
3 0.00373 1.952
4 0.00904 1.982
5 0.0(~20 1.979
6 0.00806 1.962
7 0.90623 1.964
8 0.01310 2.001
9 9.00646 1.964
10 0.00565 1.968

Ipble 12 (See Fig. 10)

Smetflc Volumes of Solutions of HCIFOQgBW- in Hexpne

Snli~ttnn So.

Specific Voluae

| 0.00781 1.4436
2 0.00285 1.4589
3 0.00565 1.4543
4 0.01210 1.4400

—0® CEHA R —e

N+ RPN N

— LN

—_——-h NN NN
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5. Monochlorotriethoxyslllcon, SiCI(OC9Hg)"t
Table 13 (See Fig. 11)

Dielectric Constants of Solutions of SiCI(OCpHg ) in Hexane

Solution No. Mole Fraction Dielectric Constant
| 0.009580 1.9k5
2 0.08677k 2.10k
3 0.062035 2.052
U 0.026k90 1.977
5 0.053030 2.0kl

Table Ik (See Fig. 12)

Specific Volumes of Solutions of SiCI(OCOHg)* in Hexane

Solution No. Mole Fraction Specific Volume
I 0.009580 1.k5k6
2 0.030321 1.k382
3 0.058030 1.k193
k 0.00677k 1.3950

6. Ethyl orthoformate, HC(OCgHQ)y
Table 1$ (See Fig. 13)

Dielectric Constants of Solutions of HC(OCgHg)” in Hexane

Solution No. Mole Fraction Dielectric Constant
I 0.18676 1.971
2 0.17689 1.969

3 0.20385 1.97k
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0.07068

0.33067

Table 16 (See Fig. 18)

1.981

2.007

Specific Volumes of Solutions of HGOCyHt)" in Hexane

Solution No.

Compound
Ti(OC2Hb)ji
TI(OC3H?) It
TI(OCitHd) It
TiCI(OC2Hp)3
SiClI(OC2Hb)3

HC(OC2H6) 3

A

3.0681*

2.1*582

2.6Uili

7.1230

2.5957

0.02515

Mole Fraction

0.18676
0.17689
0.20385

0.07068

0.01tIb9
0.35692

0.82759

Table 17

£ z S Vi
1.9186 -1.6992 1.8612
1.9266 -2.0371 1.8681
1.9227 -2.5789 1.8617
1.9210 -2.0815 1.8652
1.9237 -0.7629 1.8620
1.9237 -0.06378 1.8655

Specific Volume

1.8523
1.8535
1.8885
1.8623
1.8689
1.8820

1.8383

Summary of Electric Moment Determinations

P Pe
119.3 68.8
118.8  02.3
129.7 102.0
185.1 58.9
116.7 50.3
51.78 39.8

1.58

1.32

—_— —— — e+ — — — o — — g+ o+ -

1.08 :

2.51

1.75

0.7

— — — (et
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Dielectric Constant

1.940

1.930

1.920

1.910

1.900

Dielectric constants of solution
plotted against mole fraction
titaniumtetraethylate in hexane
at 25 C.

Mole Fraction of Solute

0.014
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Specific Volume

1.460

1.455

1.450

1.445

1.440

1.435

1.430

Specific volume of solution plotted

against mole fraction titaniumtetraethylate

in hexane at 25 C

Mole Fraction of Solute

0,014.
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1.930

1.925

1.920 -

1.915

1.910

Mole Fraction Ti(X-H7)

Square of refractive indices
s. mole fraction of Ti(X-
3 Mot _fract (X5

0.014
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Square of the Refractive Index

1.911

1.909-
Square of the refractive index
solution plotted against mole
1.907 fraction of titaniumtetrabutylate
' in hexane at 25 C.
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Dielectric Constant of Solution

2.000

1.980

1.960

1.940

1.920
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Mole Fraction of Solute

Dielectric constants of solutions
plotted against mole fraction
TiCI(OC2HM” in hexane solution at
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Specific Volume
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1.4000,

Specific volumes of solution plotted
against mole fraction SICI(OC2H5)*
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Hole Fraction of Solute
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H* NOW* POLARIZATIONS Of TITARIUN TBTBASTRILATS J£ TANrgRAfUBBS
The molar polsrisatloa* of Utsnlasa tatreethylate were daterained In
the ease manner ee described at Z5°C. The low te-speretures were obtained
by circulating e dry-ice alcohol mixture through the cell. A modified
Oswald pycnometer wee used end this Imaersed In a beaker containing the
dry-lee alcohol mixture. The cell constant end the pycnometer volume la
the temperature range were determined using petroleum hexane; the dielec-
tric constant ~nd density la the temperature range were obtained from
data given by Hell (12). The values given were revised to coincide with
the dielectric constant and density of the hexane obtained at 2$°C. Sale
w»s done since different lots of petroleum hexane appear to have differ-
ent dielectric constants and densities. Tables 18 and 19 give the ex-
perimental data obtained for the dielectric constant* and specific
volumes of titanluatetraethylete solutions In hexane, fable 20 summarises

the elopes and Intercepts, end solar polarisations ?t the various tempera-

tures.
Table 18 (See Fig. 15)
Dielectric Constants of Solntlons of JLS SfiXfiftb SJt
Vprloua Tenneratures
I Elelectrle Constant t
? Wnle VreCtion Teimerature C :
t -22 - t

-2a -22 1
0.05071 2.182 2.18 2.1 2.128 2.110 2.092 2.0

! :
| .
t 0.00809 2.057 2.042 2027 2.013 1.998 1983 1.968 1953 It
t

S 0.003&08 2.047 2.032 2.016 2.001 1.986 1.971 1.956 1.941 I
t 001788 2.087 2.069 2.053 2.037 2.019 2.002 1.965 1.969 1
t L
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Table 19 (See Fig. 16)

Srieelfie Yolwaee gX Solutions si TKOCgH", ifi SASCM M Ifiit 1633.-

t J Sneeifie Vdlumefi
| | Teauereturee

| “60 SO -40 -00  ,-22-. .rlft. O
|
0.02171 1.3054 1.3215 1.3375 1.3506 1.3700 1.3860 1.4024 1.4189
t
-0.01509 1.3161 1.3325 1.3490 1.3658 1.3825 1.3990 1.4161 1.4330
1
*(0.009843 1.3235 1.3400 1.3566 1.3734 1.3900 1.4068 1.4238 1.4410
t
10.005615 1.3317 1.3490 1.3660 1.3832 1.4000 1.4172 1.4346 1.4518
1

Table 22 (See fig. 1?)

Suamary si Holar mlerisstloa lell

forem C 1T | £ S
.70 0.004922 20355 2.8855 1.3379 -1.8396 98.93

-60 0.004691 2.0202 2.8228 13553 —.9098 97.89

—_t —— = H %

-50 0.004481 2.9951 2.7691 1.3726 -1.9712 97.20
-40 0.004289 1.9994 2.6944 1.3901 -2.0373 95-91
-30 0.004113 1.9756 2.6288 1.4070 -2.0572 95.76
- 20 0.003950 1.9607 2.5645 1.4245 -2.1376 94.35
- 10 0.003800 1.9457 2.5002 1.4422  -2.1967 93.36
O 0003661 1.9310 2.4343 1.4486 -1.3967 111.82

P w o

%o

*
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VII. CBISTAIS 02 TITAMIIJMTGTBAETSYLATS

It wes possible by slow evaporation of * solution of benzene end I IqulA
litrnlumtetrpethylste to prepere crystals of the letter compound. Dry sir
wee drewn over the solution In e desiccator sealed with wax. After several
trial rune it was possible to evaporate the benzene without hydrolysis of
the entire tltanluatetrsethylate. The crystals, however, were found
beneath a top layer of titanium dioxide. They were small, presumably
only portions of a larger crystal, but lucid and showing a definite crystal-
line structure. The habit of the crystals was not determined since e
polarizing alcroscope was not available. They were found to melt slowly if
allowed to remain at room temperature. X-ray diffraction patterns of the
crystals will be taken In the near future la an attempt to determine the

structure of the solid.



Till. MOirglJLAE WSIQKT DSTBP-MIN*TIOHS 0£ TIfOCgH~”

%@ aoleculipr weight deteralnetiona of tltenluatetraethylete st verloue
concentretlone up to e sole freetton of 0.1 were aede by the freezing point
depression aethod In benzene solution. The results sre shown In Tig. 16
which Indicates eesoclstlon to tt triaer *t the higher concentrations.

Since titsniua hoe * possible coordination releace of six ns exhibited in
the rutile form of titenlua dioxide, eesoclstion my occur by this manner.
As there ere no active hydrogens in the molecule hydrogen bonding seems
unlikely. Solidification of titanium tetreethylete, which occurs by *
spontaneous process throughout the entire liquid, further suggests mssocie-
tion. The following date was used for the plot of the curve shown in Tig.
18. The determinations, numbers fourteen through nineteen were ae.de by

Pobert Crowe (I1*).
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MoleculRr Weight Determinetlona & f KOCgH”pleazftaa SoINtlIQAa

Gelution $&
|

2

(o2 NG | COQ

10
11
12
13
14
15
16
17
18

19

hh

TRble 12 (See n.%. 18)

Mole Traction
0.0428
0.0249
0.0458
0.0110
0.0605
0.0721
0.1030
0.0406
0.0157
0.0354
0.0164
0.00842
0.00345
0.0113
0.0633
0.00193
0.00254
0.00379

0.00290

Treating Point
, Decire 9sion

1.097
0.717
1.162
0.332
1.499
1.695
2.590
1.145
0.420
0.850
0.480
0.245
0.879
0.365
0.23

0.11

0.15

0.16

0.14

Molecular

..Weight

610

635

618

503
643

663

665

553

567
646

502

517

607
468

416

263

253

367

323

. —— —¢ —® 0 — =00 =@ =@ =—=— —0 — —=— —c ==
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versus Mole Fraction.

Mole Fraction Ti(OCgHg)*
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CAICUIfTIONV Q| BQNP HQ™MTS

The theoretical dipole moment of tltenium tetreethylete een be celcxileted
by using the Eyring equation. This equetlon, however, is based upon free
rotation end, therefore, aey not be applicable to the esters of titanium.
Representing the molecular structure ms depicted below, where is the
sum of the bond moments of C-O and S-C, mg is the Ti-O bond moment, 6 is
the anpie made by the bonds TI-O end O-C, and f is? the tetrahedral angle.

we haves

f- Is 109°28" and 0 is assumed to be 105° ~ is the sum of the CO
moment, 0.7, and the B-C moment, 0.4, or 1.1. The sum of the inter-
actions of Ug, since they are directly tetrshedrelly will be zero end,
therefore, wa can equate the sum of all the terms Involving atg to zero.
The equation reduced to only one unknown end thus can be solved. A
value of 2.11 is obtained for the average dipole moment.

itigcos6é 4 fiascos f f em
'lIm”~agcosOcoaO)

M s + I?m~cos™coss™® - ha™2(1 + cosmos2©)

u = 2.11
The bond moment for TI-Cl has been calculated from the observed dipole
moment of trichlromonophenoxytitanlum (4). This compound should have
little restricted rotation, Judging from model representation of the

molecule. The Pauling electronegativity scale ratings, breed upon the
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observed end c»lculeted veluee for the C-O bond moment Indlcetee en
F-P~reximete high electronegetlv ity.retlag of the Ti-O bond, of 0.3. Thue
it le possible to subtrect 0.3 from the electronsestivity velum end obtetn
1.6 es representing the Ti-O bond moment. TrichloroaonophenoxytitFniuai
shows that the three Tt-Cl bonds should ;tve p resultpnt moment directly
opposite to the resuiteat moment of the Ti-O end O-C bonds. The dipole
moment of the compound ie, therefore, the difference of the two resultant
moments. Since Ti-O ie 1.6, C-O le 0.7 end the en”le between them le
105°, the reeultr.nt of the two moments, by the lew of cosines, lei

*2z (0.7)" * (1.6)" ~ (0.7) (1.6) (-0.2588)
u— 1.7
rince the measured moment wee 3*0 the Ti-Cl bond moment le 3.0 3- 1.7 or

h.7.
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DISCUSSION (g SXI=KRIM~T' D “gSULTE

The experimental veluee for the dipole momenta of tltentum tetre-
ethylpte “nd monoehlorotrlethoxytltenlua la hexsne solution, |.$5 ?nd 2.50
respectively, ejree approximately with the vsluea obtained for these
compounds In benzene eolutlon.

The association of tltrnlum tetrsethylpte Is of n type hitherto ua-
reported. Many compounds exhibit molecular association due to hydrogen
bonding but it Is believed that this type of association Is caused by
the possible coordination valence of the titanium atom of six. The
tetrahedral bond angle of 109° may be shortened to 90° to allow one
titanium atom to be bonded to six oxygen atoms as in the case of the
rutile form of TIOri. The bond between the titanium atom and the oxygen
atoms ern be formed due to the ?v*liability of two free oxygen electrons.

The dipole moments of methylorthocarbow te, C(OCHM)j, and ethyl-
orthocarbonate (C(OC2~ )fe, have been reported as 0.8 and 1.1 respective-
ly (6). Sthylorthosllteats has a reported dipole moment of 1.7 In benzene
solution (23). However, no conclusion can be reached concerning the varia-
tion In electric moment of the compounds of the element® of ;roup four until
a set of measurements ere made in the same solvent. Theoretically ell the
tetrameters of carbon, silicon and titanium should have the same dipole
moment. However, the discrepancies may be due to restricted rotation of
the ester linkages or to partial ionic character of the bond connecting
the central stem with an oxygen ,or chlorine atom. Uie exact nature of
the difference hae not been conclusively proven but heat capacity or

entrophy measurements on the compounds may Indicate whether restricted



rotptlon le n decisive factor. It wre by entropy aepeureaente thet the
restricted rotation of ethylene dichlortde wee conclusively shown.

The decrease in aoaent ss one 300s from titenluatetrEethylete to
titpniucntetrpbutylste asy be csueed by greeter restriction of rotation
due to the larger ester groups rotating nbout the titenlua stoa. The In-
cresse in moment ps one goes from methylorthocerbon#te to ethylorthocerbonste
mey be censed by the edded inductive effect of the substitution of »n ethyl
rrdicrl for the methyl redlcsl. According to the dete given by Upestone
(7) for various elkyl helldes end elcohole, the indueive effect fells off
very rapidly after the ethyl compound. In some eases the butyl compound
hp# P lower moment than the corresponding ethyl compound. Thus it le
plausible that the hindered rotation factor is the significant one in this
case.

The polarization date Indicete e dipole moment for titaniumtetreethy-
lete of 1.1 as obtained from the elope of the straight line in the lower
temperature region. This, however, does not appear to be congruent with
the facts et 25°C which show p. higher polarization end dipole moment. It
aey be that the polarization of tltenlumtetreethylste goes through O minimum
end then rises as the temperature is increased.

The calculation of the bond moment of Ti-Cl is significant in that It
serves to indicate an approximate value for the bond which may be used in
theoreticfil calculations of compounds containing the bond.

It is significant that the esters of carbon, silicon and titanium
studied show no abnormally nigh dipole moment and, therefore, pre not

suitable for dielectric materials in electrical condensers.
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